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POLYMORPHISM OF HUMAN PLATELET MEMBRANE GLYCOPROTEIN IIIA 
AND DIAGNOSTIC AND THERAPEUTIC APPLICATIONS THEREOF 



Background of the T^pnHon 

The present invention relates to isolated 
polynucleotide molecules useful for analyzing alloantigen 
phenotypes, to peptides encoded by these molecules, and 
to the diagnostic and therapeutic uses thereof relating 
to human platelet P1 A polymorphism, including a method for 
typing blood cell and platelet membrane glycoproteins 
which entails an analysis of amplified cDNA encoded by 
platelet and red blood cell mRNA. 

Blood obtained from different individuals has been 
found to have different antigenic and immune properties, 
to the extent that antibodies in the blood of one person 
may react with antigens on red blood cells or platelets 
in the blood of another individual. These antigens are 
often found on membrane glycoproteins present on the 
surface of the cell membranes. These membrane 
glycoprotein antigens can induce the production of 
antibodies against them when they are introduced as 
foreign proteins in transfused blood or in fetal blood. 
Human platelets and red blood cells contain dozens of 



identifiable membrane glycoprotein constituents, only 
some of which have been well characterized. 

Membrane glycoproteins which induce antibody 
production in the same species are called 11 all ©antigens- " 
Alloantigens have been characterized for both red blood 
cells and platelets. Recognized classes of red blood 
cell alnd platelet alloantigens have been described, over 
the past 30 years, based on observations of antibody 
reactions occurring when patients have been exposed to 
blood frbm other individuals. The lack of sequenceable 
antigen protein and clonable antigen-encoding mRNA has 
prevented molecular characterization of the different 
alleles coding for many clinically important 
alloantigens. 

One system of alloantigens, consisting of the 
platelet Pl^ 1 and P1 A2 alloantigens, are carried by the 
human platelet membrane glycoprotein Ilb-IIIa (GPIIb- 
GPIIIai) complex, which mediates platelet aggregation by 
providing functional receptors for fibrinogen on platelet 
surfaces; See Phillips et al., Blood 71: 831-43 (1988). 
GPIlb -and GPIIla are known to bear a number of clinical- 
ly important, alloantigenic determinants which are 
^responsible for eliciting an immune response in two well- 
described ; clinical syndromes , post-transfusion purpura 
(FTP) and neonatal alloimmune thrombocytopenia (NATP) . 
See Kunicki & Newman in CURRENT STUDIES IN HEMATOLOGY AND 
BLOOD TRANSFUSION 18-32 (1986) ; Aster in ADVANCES IN 
IMMUNOLOGY AND BONE MARROW TRANSPLANTATION 103-118 
(1984) . ' 

The alloantigen system most frequently implicated in 
these disorders is the Pl A alloantigen system. There are 
two serologically defined, but molecularly undefined, 
allelic forms of the !P1 A alloantigen, designated "Pl A1 » and 
"Pl^, 1 * which are thought to be expression products of the 
GPIlia gene. Kunicki & Newman, id., at 18-32. The gene 
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frequencies for these two alleles have been calculated to 
be 85% for Al and 15% for A2, see Shulman et al., ^ 
Clin, Invest 40: 1597-620 (1961). Since 98% of the 
population carries the P1 A1 antigen, individuals who are 
P1 A2 homozygotes are at risk of producing anti-Pl A1 
antibodies against paternally- inherited P1 A1 antigens 
present on fetal platelets, and are most likely to 
develop PTP following blood transfusion. 

Determination of the amino acid sequence variation- 
s that are presumably responsible for forming the 
relevant epitopes of red blood cell and platelet 
alloantigens has been achieved in only a few instances, 
due largely to the formidable difficulties in obtaining 
protein-sequence information from those often large 
glycoproteins. For example, the amino-acid sequence 
variation responsible for the relevant epitopes has not 
yet been reported for either the P1 A1 or P1 A2 forms of the 
100 kilodalton (kd) GPllla molecule. In this regard, 
there is considerable data to support the notion that 
platelets and red blood cells, since they are anucleate 
cells, possess only vestigial amounts of protein- 
synthetic capability, although specific protein 
biosynthesis has been demonstrated in platelets, see 
Plow, Thromb. Haemostasis 42: 666-78 (1979); Kieffer et 
a1 ' Eur, J. piophem. 164: 189-95 (1987); Belloc et al, 
Bjochim. pjophys. Acta. 925: 218-25 (1987), and in newly 
formed red cells (reticulocytes) . Thus, it has not been 
considered feasible to obtain platelet or red blood cell 
cDNA libraries, thereby to analyze alloantigen-encoding 
sequences and determine the molecular basis of the 
alloantigen phenotypes. 



, « Summary of the Invention 

Jt is therefore an object of the present invention 
to provide DNA molecules that can be used in analyzing an 
t ; r ^lloai5ft4gen phenotype from platelets and red blood cells. 

It ^isr also an object of the present invention to 
provide methodology for typing membrane glycoproteins of 
- .hi^n^platdflet and red blood cells, based on information 
obtaiff&a tkrough: the analysis of cDNA discovered to be 
prx^ucible from anucleate-cell (platelet and red blood 
cell) ;ln£HfiA. 

It As yet another object of the present invention to 
provide^ ready means for determining platelet PI 
r alloantigen phejiotypes . 

It is still a further object of the present 
invention to provide polypeptide molecules useful in 
generating antibodies that distinguish between the 
aliel^^f different platelet membrane glycoproteins, 
1 father y object of the present invention is to 
provide methods for diagnosing and treating certain 
clinical syndromes related to an immune response 
associated with platelet membrane glycoprotein 
alloa^tlgehs* 

•|n achieving these objects, there has been provided, 
in ac^^ance^ with one aspect of the present invention, 
an ^^!^ e( * D - A molec ule that comprises a DNA sequence 
pompr^ing at least nucleotide 196 of GPIIIa. In a 
preferred embodiment, nucleotide 196 comprises a cytosine 
or ;a thymine base* 

In accordance with another aspect of the present 
invention, a method has been provided for typing human 
platelet or red blood cell surface membrane 
glycoproteinis, comprising the steps of (A) synthesizing 
cDNA from human platelet or red blood cell mRNA of a 
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first individual, (B) amplifying the cDNA to produce 
amplified cDNA and (C) analyzing the amplified cDNA to 
determine a platelet or red blood cell phenotype. In one 
preferred embodiment, step (C) comprises 
(i) digesting the amplified cDNA with a restriction 
endonuclease to produce cDNA fragments, the endonuclease 
recognizing a cleavage site that distinguishes a 
nucleotide sequence of an allele of a platelet or red 
blood cell alloantigen from other alleles and (ii) 
analyzing the cDNA fragments to determine a platelet or 
red blood cell phenotype. In another preferred 
embodiment, the cDNA comprises a sequence that is encoded 
by at least nucleotide 196 of GPIIIa mRNA . and the 
restriction endonuclease recognizes a restriction site, 
which comprises or is adjacent to a nucleotide sequence 
that includes nucleotide 196 of GPIIIa. 

A method has also been provided, in accordance with 
still another aspect of the present invention, for typing 
platelet P1 A surface membrane glycoproteins comprising the 
steps of (A) obtaining genomic DNA from a first 
individual and (B) analyzing the genomic DNA to determine 
a platelet P1 A alloantigen phenotype. In a preferred 
embodiment, step (B) comprises (i) digesting the genomic 
DNA with a restriction endonuclease to produce DNA 
fragments, (ii) hybridizing the DNA fragments with a 
labeled allele-specif ic oligonucleotide probe that 
distinguishes a nucleotide sequence of an allele of a 
platelet P1 A alloantigen from other alleles and (iii) 
analyzing the DNA fragments that have hybridized to the 
probe to determine a platelet P1 A phenotype. 

According to another aspect of the present 
invention, a method is provided for typing a platelet P1 A 
alloantigen comprising the steps of (A) obtaining genomic 
DNA from a first individual, (B) amplifying the genomic 
DNA to produce amplified genomic DNA and (C) analyzing 



the -€uaplified genomic DNA to determine a platelet P1 A 
allbantigen phenotype. step (C) , in one preferred 
embocUmesnt, comprises (i) hybridizing the amplified 
genomic DNA with a pair of oligonucleotide probes, 
wherein a first probe of the pair of probes is labeled 
wjrth a first probe and a second probe of the pair of 
probes is labeled with a second probe, such that the 
first probe is distinctly labeled from the second probe, 
such that the pair of probes hybridize adjacently to each 
other at a nucleotide, wherein the nucleotide 
distinguishes an allele, of a platelet P1 A alloantigen, 
from : other alleles, (ii) ligating the probes in a 
ligation reaction to produce ligation products, wherein 
(a) the first probe becomes ligated to the second probe 
when adjacent nucleotides of the first and the second 
probe both hybridize to the amplified genomic DNA or (b) 
the first probe and the second probe are not ligated and 
(iii) analyzing the products of the ligation reaction to 
determine the alloantigen phenotype. 

In accordance with another aspect of the present 
invention, there has been provided polypeptide sequence 
encoded by a nucleotide sequence comprising a 
polynucleotide Encoding at least amino acid 33 of GPIIIa, 
that distinguishes platelet membrane glycoprotein P1 A1 
from Pl^. 

There has also been provided, in accordance with 
still another aspect of this invention, an antibody that 
binds the J>1 A1 allele of GPIIIa or the Pl^ allele of 
GPIIIa, . (i) the antibody recognizing a polypeptide 
molecule encoded by a nucleotide sequence comprising an 
oligonucleotide encoding at least amino acid 33 of GPIIIa 
that distinguishes platelet membrane glycoprotein P1 A1 
from PI* 2 and (ii) the antibody binding either the P1 A1 
form or the PI* 2 form. 



According to still another aspect of the present 
invention, a method is provided for treating post- 
transfusion purpura or neonatal alloimmune thrombocyt- 
openia (NATP) , comprising the step of administering to a 
first individual a formulation comprised of a peptide in 
a pharmacologically effective concentration and a 
physiologically-compatible carrier therefor, the first 
individual suffering from the post-transfusion purpura or 
the mother of a fetus at risk for developing NATP, and 
having anti-Pl A1 or anti-Pl AZ antibodies, wherein the 
peptide binds an antibody selected from the group 
consisting of an anti-Pl A1 antibody or an anti-Pl A2 
antibody. 

There has also been provided, according to a further 
aspect of the present invention, a kit for typing 
platelet P1 A alloantigens, comprising (a) a receptacle 
containing a solution of an endonuclease recognizing a 
cleavage site that distinguishes a nucleotide sequence of 
an allele of a platelet P1 A alloantigen from other 
alleles, (b) a receptacle containing a solution of a 
labeled oligonucleotide probe that distinguishes an 
allele of a platelet P1 A alloantigen, the allele 
comprising nucleotide 196 of GPIIIa, from other alleles, 
(c) a receptacle containing a solution of an antibody 
that binds a P1 A1 antigen or a P1 A2 antigen, the antibody 
(i) recognizing a polypeptide molecule encoded by a 
nucleotide sequence encoding at least amino acid 33 of 
GPIIIa and (ii) binding either the P1 A1 antigen or the P1 A2 
antigen. 

Other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description. It should be understood, however, 
that the detailed description and the specific examples, 
while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various 
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- ' changes and modifications within the spirit and scope of 
." •. .^the Invention will become apparent to those skilled in 
v - the art from this detailed description. 

. . •: Brief Description of the Drawings 

5\i U. figure 1 is diagrammatic representation of the NH 2 - 
. r terminal, region . of the GPIIla mRNA molecule. The 
.locations of twp oligonucleotide primers used for PcR 
amplif ication are ; also shown, as is the polymorphic 
Sequence at base 196 of the. amplified cDNA. 
10 ; y ; Figure 2 is a autoradiograph of an electrophoretic 
gbl used in the sequence analysis of amplified GPIIla 
CDNA/ derived from a P1 A2 homozygous individual, A 
segment of the autoradiograph, encompassing bases 188- 
203, is shown. A single base substitution of a cytosine 
15 ^(C) (JO* 2 allele.) for a thymidine (T) (P1 A1 allele) at base 
'-[■;.:: '^19$; i^ ; indicated with an arrow. 
; figure 3 is a photograph of an electrophoretic gel 

^ ^ ener $£ ed the course of analyzing P1 A phenotype by 
i restriction endpnuclease digestion, in accordance with 
20 the present, invention. Bases 56-408 were enzymatically 
amplified from- platelet RNA from eighteen individuals of 
\^:X^l^y-:Vl A .' phenotype. The results from three 

. v reprepentative individuals of each possible phenotype are 
shottn on this g§l. Heterozygotes for the allele show 
25 three bands, cqlnresponding to undigested ( PI A1 -derived) 
; - and cleaved (Pl^-derived) GPIIla cDNA. 

Detailed Descript ion of the Preferred Embodiments 

. Although the generation of cDNA from platelet or red 
j I iMr^ cell ibRNA was previously thought to be unfeasible, 
30 u a nay .approach ... has been discovered for examining 
Platelet- and red blood cell-specific mRNA sequences from 
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single individuals. It is been found that mRNA can be 
obtained from platelets and red blood cells in quan- 
tities sufficient for isolation, cDNA generation, and 
amplification. By generating and amplifying cDNA 
5 produced from mRNA . of a number of individuals of known 
red blood cell or platelet allotypes, the nucleotide 
sequence variations that exist in the genes that express 
alloantigen determinants can be ascertained. 
Furthermore, by isolating and amplifying mRNA from a 
10 number of individuals of known allotype, it is possible, 
pursuant to the present invention, to identify phenotype- 
specific nucleotide sequence variations in corresponding 
genes. 

To obtain amplified cDNA from red blood cell or 

15 platelet mRNA, mRNA derived, using conventional methods, 
see, e.g., MANIATIS ET AL, MOLECULAR CLONING: A 
LABORATORY MANUAL 187-210 (Cold Spring Harbour 
Laboratory, 1982) , from platelets or red blood cells can 
be converted to cDNA and then enzymatically amplified to 

20 produce microgram quantities of platelet- or red blood 
cell-specific cDNA. This amplification is preferably 
accomplished via the "polymerase chain reaction" (PcR) 
method disclosed by U.S. patent Nos. 4,683,195 and 
4,800,159, the respective contents of which are hereby 

25 incorporated by reference. 

More specifically, in the process of generating and 
amplifying cDNA encoded by the isolated platelet or red 
blood cell mRNA, oligonucleotide primer pairs can be con- 
structed that allow enzymatic amplification of a segment 

30 of an mRNA molecule that encodes an amino-acid sequence 
defining the polymorphism. The corresponding, isolated 
cDNAs can then be analyzed to determine the molecular 
basis of observed phenotypic differences. The ability to 
compare directly the nucleotide and corresponding amino- 

35 acid sequences of genes encoding alleles of alloantigens 
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is made possible by (1) the discovery that cDNA can be 
generated and amplified successfully from platelet or red 
blood sell inRNAs and (2) the determination of a 
nucleotide sequence of an alloantigen which is thought to 
5 be polymorphic. As. such, this application represents a 
novel application of the P&R technique heretofore not 
deemed feasible. 

The molecular description of polymorphisms 
associated with platelet or red blood cell alloantigens 
10 can be provided by analyzing amplified cDNA, generated 
from red blood cell or platelet mRNA, according to one of 
. the following methods: differential restriction 
endoriuclease digestion (DRED) , alleler-specif ic 
oligonucleotide probing (ASOP) , and ligase-mediated gene 
15 detection (i*MC?P) . Additional methods of analysis would 
also:; -bp useful in this context, such as fluorescence 
resonance energy transfer (FRET) as disclosed by Wolf et 
a V Froc. Nat. Acad.. -Sci. USA 85: 8790-94 (1988), the 
contents of which are hereby incorporated by reference. 
20 DRED analysis is accomplished in the following 

.manner. If conditions occur including (1) a particular 
amplified cDNA segment contains a sequence variation that 
distinguishes an allele of a polymorphism and (2) this 
. seqjaepce variation is recognized by a restriction 
25 endonuclease, then the cleavage by the enzyme of a 
',. particular polynucleotide segment can be used to 
determine the alloantigen phenotype. In accomplishing 
this determination, amplified cDNA derived from platelet 
or red blood cell mRNA is digested and the resulting 
30 fragments are analyzed by size. The presence or absence 
of nucleotide fragments, corresponding to the 
endonuclease-cleaved fragments, determines which 
phenotype is present. 

For example, cDNA generated from GPIIIA mRNA and a 
35 c^rtosine(C)<~>thymidine(T) polymorphism at base 196 is 
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revealed by examination of the nucleotide sequence 
contained in cDNA generated from mRNA derived from a P1 AZ 
homozygous individual. This single nucleotide substitu- 
tion results in the creation of a unique restriction 
5 enzyme cleavage site for the restriction endonuclease 
Neil. m this example, utilizing the ability of the 
restriction endonuclease Neil, to discriminate between 
these two polymorphic sequences, the phenotypes of in- 
dividuals can be determined by the above described 

10 manner. Then, after further sequence analysis of the 
resulting restriction fragments, it can be demonstrated 
that the P1 A2 form of GPIIla mRNA contains the codon CCG 
(encoding the amino acid proline at position. 33), in 
place of the CUG (which encodes leucine at position 33), 

15 present in the P1 A1 allele. 

In ASOP analysis according to conventional methods, 
oligonucleotide probes are synthesized that will 
hybridize, under appropriate annealing conditions, 
exclusively to a particular amplified cDNA segment that 

20 contains a nucleotide sequence that distinguishes one 
allele from other alleles of a red blood cell or platelet 
membrane glycoprotein. This specific probe is 

discernably labeled so that when it hybridizes to the 
allele distinguishing cDNA segment, it can be detected, 

25 and the specific allele is thus identified. 

For example, oligonucleotide probes can be 
synthesized, in accordance with the present invention, 
that will hybridize to a cDNA segment encoded by GPIIla 
mRNA that contains either cytosine or thymidine at 

30 nucleotide 196, but not both. These allele-specific 
probes can then be labeled appropriately and added to the 
generated cDNA segments under annealing conditions, such 
that one of the allele-specific probes hybridizes and can 
be detected. The specific P1 A1 or Pl^ allele sequence is 
35 thus identified. 



In the course, of the third method of analysis, LMGD, 
as disclosed by tandegren et al., Science 241: 1077-80 
(1988) , the contents of which are hereby incorporated by 
j; xB^x^noe f , { a pair of oligonucleotide probes are 
synt^sised" t^at : ;will hybridize adjacently to each other, 
i.e., to a cDNA segment under appropriate annealing 
conditions, at the specific nucleotide that distinguishes 
one allele , from other alleles of a red blood cell or 
platelet membrane glycoprotein. Each of the pair of 
specific probes is labeled in a different manner, and 
whsii it hybridizes to the allele- distinguishing cDNA 
segment, both probes can be ligated together by the 
addition of a ligase. 

When the legated probes are isolated from the cDNA 
isegroents, both types of labeling can be observed 
together, confirming the presence of the allele-specif ic 
nucleotide sequence • Where the above- described pair of 
differently labeled probes bind to a nucleotide sequence 
containing- a distinguishing nucleotide of a different 
allele, the probe pair is not ligatable and, after the 
probejs are, isolated from the cDNA segments, both types of 
labeling axe observed separately . 
£f V An : exemplary LMGD analysis, according to the present 
:4nveation, entails, the use of a pair of oligonucleotide 
probal that bind to a cDNA segment adjacently to each 
other- at a nucleotide corresponding to nucleotide 196 of 
GPIIIa, wh^rei^ oae probe is radioactiviely 32 P-labeled and 
the . other probe -is biotin-labeled. The biotin labeled 
? - p^oije; hybr 4^i;2^ nucl eot ides 176-196 of GPIIIa, wherein 
•> nucleotide 196 pontains a cytosine, which distinguishes 
^ the. PlA 2 v allele. The 32 P labeled probe hybridizes 
$ Nucleotides 197-217 of GPIIIa and, therefore will 
. hybridize adjacently to the biotin labeled probe. These 
probes are then added under annealing conditions such 
that they hybridize adjacently to each other spanning 



nucleotides 176-217 of GPIIIa. When the P1 A2 allele 
sequence is present in the amplified cDNA, then the 
addition of a ligase will result in the biotin labeled 
probe being covalently bound to the 32 P-labeled probe. 
The ligation is possible, because the ends of the probes 
that are adjacent to each other (hybridized to 
nucleotides 196 and 197) are both hybridized to the cDNA. 
In the case where these two probes hybridize to the P1 A1 
allelic form of the cDNA sequence, the biot in-labeled 
probe end at nucleotide 196 is not hybridized 
appropriately, preventing the ligation step from 
occurring. When this pair of probes binds completely to 
the P1 A2 allele sequence, therefore, the probes are 
ligated and when the probes are separated from the P1 A2 
sequence and exposed so as to be detected, both the 
biotin/strepavidin and the 32 P labeling are present 
together. When the P1 A1 allele sequence is hybridized, 
on the other hand, the probes cannot be ligated, and the 
biotin/strepavidin- and 32 P-labeling are observed 
separately. In this manner, the P1 A1 and Pl^ alleles 
sequences and corresponding phenotype can be 
distinguished. 

Alternatively, DRED, ASOP and LMGD or other suitable 
methods of analysis, such as FRET, can be used with 
genomic or amplif ied-genomic DNA to distinguish platelet 
membrane glycoprotein P1 A1 from Pl^, starting with any 
nucleated cell sample, obtained from an individual, from 
which DNA can be isolated in sufficient quantities for 
analysis. Amplified genomic DNA would be amplified from 
isolated genomic DNA in the same manner as described 
above for cDNA. Once a tissue sample, such as cells 
scraped from the inside of an individuals cheek, has 
been obtained, genomic DNA isolated by conventional 
procedures can be analyzed directly per se or amplified 
prior to analysis. 



aaie foregoing description of the three types of 
analysis would apply to the use of genomic DNA or 
amplified-genomic DNA, with the term "cDNA" being 
replaced with "genomic or amplified genomic DNA." One 
difference in the analysis of genomic DNA or amplified 
genomic; DNA is that the GPIIIa sequence used for 
designing a suitable oligonucleotide probe would have to 
include gany intronic sequences, which would not be 
present in the cDNA of GPIIIa, that were near or adjacent 
to the nucletide that determines the P1 A phenotype. 

The presence of intronic sequences near the 
phenotype-determining nucleotide can be determined by 
sequence analysis of r genomic DNA, accomplished via Maxam- 
Gilbert or another conventional technique. Sequence- 
analysis data which indicate that an intron is near the 
phenotype-determining nucleotide can be used to design 
oligonucleotides that span the intron/exon boundary, so 
that a P1 A phenotype can be ascertained. 

For example, sequence analysis conducted by Dr. 
GilbeSrt C. White II, University of North Carolina, 
(Chapel Hill, NC) , has shown that an 800-nucleotide 
intron is located between bases 185 and 186 of the GPIIIa 
cDNA ^personal communication of unpublished results) . A 
nucleotide sequence is set out below which includes the 
intron/exon boundary and which is relevant to the design 
of a suitable, P1 A phenotype-determining oligonucleotide 
v probe t 

5 1 -tttgggctcctgtcttacag/GCCCTGCCT-3 1 
In this sequence, the lower case letters represent the 
intronic sequence and the upper case letters represent 
the cDN£ ..sequence . The line represents the intron/exon 
bound&ry. -V 

The ability to perform DNA-typing analysis for 
determination of P1 A phenotypes, pursuant to the present 
invention, has a number of useful clinical applications, 
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including but not limited to those involving 
determination of an alloantigen phenotype of an 
individual, and • the diagnosis and treatment of a 
pathological immune response (or potential response) 
involving foreign alloantigens or antibodies, in 
accordance with the present invention, alloantigen 
phenotyping is effected by generating amplified cDNA from 
red blood cell or platelet mRNA, which permits diagnosis 
of individuals for the purpose of treating or preventing 
pathological immune responses. Once the nucleotide- 
sequence variations specific for each allelic form of the 
alloantigens of a given class are determined, other 
conventional methods can be employed, through the use of 
genomic DNA or platelet RNA, to perform the same type of 
diagnosis on other individuals. These methods would 
include, but not are limited to, allele-specific 
nucleotide probing and ligase-mediated gene detection, as 
previously described. 

Diagnostic kits can also be used, in accordance with 
the present invention, for the determination and 
diagnosis of alloantigen phenotypes via the procedures 
described herein. Such a kit can include, inter alia r 
antibodies to alloantigens expressed by the above- 
described P1 A1 - and Pl A2 -encoding sequences, which 
antibodies would react with the blood sample of an 
individual so as to indicate whether that individual has 
a P1 A1 or P1 A2 phenotype. Alternatively, all the reagents 
required for the ' detection of nucleotide (s) that 
distinguish the P1 A alloantigens, by means described 
herein, can be provided in a single kit that uses 
isolated genomic DNA or platelet mRNA from an individual. 
Such a kit, containing a restriction endonuclease and/or 
a labeled probe that distinguish nucleotide 196 of 
GPIIla, can be utilized for P1 A alloantigen phenotyping. 
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A further beneficial use of the nucleotide sequences 
1Aat distinguish the P1 A1 allele from the P1 A2 allele is to 
^obtaiii.oir synthesize the respective expression product, 
« - the form of a peptide, encoded by these nucleotide 
5 sequences* These peptides can be used to generate 

v. : antibodies for diagnostic and therapeutic uses, for 

* . ■■*.*■■ ' - 

Vo v example, with regard to pathological conditions such as 

\ ? MP or NATP. 

f%*-: in this context, the term "antibodies" is used to 

lp*L;l . denote, inter alia . monoclonal or polyclonal antibodies, 
specific for peptides generated from nucleotide sequences 
^ either P1 A1 or PI* 2 alleles, that can be 

f£ ^generated by injecting a peptide into mice or other 
.j; suitable laboratory animal. In the case of monoclonal 
15 ^ ^ antibody production, one proceeds by isolating 
" J " ■ l^phpcYtes and fusing them with myeloma cells, producing 
>; ^hybridomas. T*\e cloned hybridomas are then be screened 

\C .. for production o£ antibodies specific for sequences that 
are diagnostic of the P1 A1 or P1 A2 form of the GPIIIa 
20 \.V, membrane glycoprotein. In addition, the term 

% ^- ^"anti^odies^ encompasses fragments, like Fab and F(ab» ) 2 , 
. :; : d£ ai|ti-Pl A ? or anti-Pi^ antibodies, and conjugates of 
* - ' such fragments,; and so-called "antigen binding proteins" 
v V v (single-cheuL© antibodies) based on anti-Pl A1 or anti-Pl A2 
"25 ; " ant^TOdies,. in accordance, for example, with U.S. patent 
^ - No.- :^;704,692, the contents of which are hereby 
■incorporated by reference. Human alloantisera currently 
use*: for serological typing are specifically excluded 
frc#,^bhis definition. 
30 Diagnostic applications of these antibodies are 

.., .^as^plifiedy according to the present invention, by the 
- use of a kit containing anti-Pl A1 or anti-Pi 1 * antibodies 

which^vmdergo a reaction with a sample of an individual^ 
blood ^o determine a P1 A1 or P1 A2 platelet phenotype. Such 
J5 a reaction involves the binding of anti-Pl A1 antibodies to 



P1 A1 antigens or the binding of anti-Pi^ antibodies to P1 A2 
antigens. The observation of antibody-antigen complexes 
in a blood sample would indicate a positive result. A 
kit of this sort could be used to diagnose, or to help 
prevent, the occurrence of pathological conditions like 
PTP or NATP. 

Therapeutic applications for the peptides encoded by 
these Pl A1 /Pl A2 -distinguishing nucleotide sequences, and 
the corresponding anti-Pl A1 or anti-Pl A2 antibodies, 
include their use in the generation, via conventional 
methods, of antiidiotypic antibodies (that is, "anti-" 
anti-Pl A1 or anti-Pl A2 antibodies) such as from hybridomas, 
as described above. See, for example, U.S. patent No. 
4,699,880, the contents of which are hereby incorporated 
by reference. Such antiidiotypic antibodies would bind 
endogenous or foreign anti-Pl A antibodies in the blood of 
an individual, thereby to treat or prevent pathological 
conditions associated with an immune response to a 
"foreign" P1 A alloantigen. 

The present invention is further described below by 
reference to the following, illustrative examples. Used 
in the examples were plasma samples from ten homozygous 
P1 A1 individuals, five homozygous Pl^ individuals, and 
three individuals who . were heterozygous for the P1 A 
allotype. The respective phenotypes of all the test 
subjects had been identified using well-characterized 
anti-Pl A1 and anti-Pl A2 human alloantisera. 

Example l Amplification of Platelet mRNA. 

In order to examine the amino terminal region of the 
P1 A2 allele, the polymerase chain reaction was used to 
amplify a 366 base pair (bp) region near the 5» end of 
platelet GPIIIa mRNA. Human platelet mRNA was prepared 
from anticoagulated whole blood as described previously 
(Newman et al., J. Clin. Invest . 82: 739-743, 1988.). 



Our amplification strategy employed 2 sets of oligonucl- 
eotide primers , one nested internally to the first. 
Nested primers are not always necessary. 

Two pairs of primers were constructed; an outer pair 
(Primers 1 and 3) , and an internally nested pair (Primers 
2 and 4) and used to amplify a region of the GPIIIa mRNA 
molecule that encodes the amino terminus of mature 
glycoprotein Ilia. Primer 1 ( 5 » -CGCGGGAGGCGGACGAGATGCG- 
3') corresponds to the RNA strand from bases 4-25 of the 
published nucleotide sequence (Fitzgerald et al., J« 
Biol. Ghanu 262: 3936-3939, 1987). Primer 2 (5>- 
GACTCGAGACTGTGCTGGCGCTG-3 1 ) corresponds to bases 56-71 of 
the RNA strand , with an additional 7 bp encompassing an 
Xho r restriction enzyme recognition site incorporated 
onto the 5 f -end to facilitate subsequent subcloning into 
plasmidv vectors. The two anti-sense oligonucleotides 
were Primer 3 (5 ' -CGCACT-TGGATGGAGAAATTC-3 1 ) , which 
corresponds to nucleotides 412-392, and Primer 4 (5 1 - 
CCGGATCCTTGGATGGAGAAATTC-3 • ) , which corresponds to bases 
408-392 plus an additional 7 base pairs that contain a 
Bam H^, site. Primer 3 was used to prime first strand 
cDNA synthesis, using platelet mRNA as a template, in a 
total volume of -50 /tl as previously described, id. Newman 
et al (1988) . All ensuing PcR reactions were performed 
in a programmable DNA Thermal Cycler (Perkin-Elmer Cetus 
Corp^ Norwalk, CT) . 

The first 10 rounds of PcR were performed using 
Primers l and 3 in a total volume of 100 fil using a 
regimen consisting of denaturing polynucleotide strands 
at 94° C for 90 sec , annealing primers at 37* C for 2 min, 
and primer extending with Taq polymerase (Perkin-Elmer 
Cetus Corp. ) at 72° c for 3.5 minutes. Following the 
fifth thermal cycle, the primer annealing temperature was 
increased to 42° C. After the tenth cycle, the first 
primer pair was removed by centrifuge-driven dialysis of 
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the PcR reaction mixture into a nearly identical buffer 
using Centricon 30 microconcentrators (Amicon Corp, 
Danvers, MA) . The first 10 thermal cycles of the PcR 
amplified bases 4-412 approximately one-thousand fold, 
and provided a sufficient quantity of GPIIIa-specif ic 
cDNA to permit more stringent conditions to be used in 
subsequent rounds. 

The second reaction mix was identical to the first, 
except that internally nested Primers 2 and 4 were used 
in place of Primers 1 and 3. Following oligonucleotide 
exchange, the reaction volume was again brought to 100 
pi, including 2.5 units of fresh Taq polymerase, and PcR 
continued for an additional 21 thermal cycles. Primer 
annealing was performed at 42° C for rounds 11-15; 47° c 
for rounds 16-20, and 55° C for rounds 21-31. It was 
found that these conditions maximized specificity and 
yield for amplification of this particular cDNA. The 
presence of the additional bases used to form the 
restriction enzyme sites at the 5' ends of Primers 2 and 
4 had no detrimental effect on the quantity of specific 
DNA produced during the PcR. The remaining thermal 
cycles amplified bases 56-408 using an internally nested 
primer pair, which are graphically depicted in the top 
portion of Figure 1. This region encodes the first 103 
amino acids of the mature GPllia .protein, as well as a 
majority of the signal peptide. Using this protocol, we 
produced microgram amounts of the expected 366 bp cDNA 
from a number of individuals of known P1 A phenotype . 

Example 2 Sequence Analysis of Amplified cDNAs. 

Selected amplified cDNA's were subcloned into the 
plasmid vector pGEM-7Zf (Promega Biotech, Madison, WI) , 
and subjected to nucleotide sequence analysis. Dideoxy- 
sequencing was performed using the modified T7 phage DNA 
polymerase , Sequenase tm (United States Biochemicals , 



Cleveland, OH)v according to the manufacturer's 
directions. The complete nucleotide sequence of bases 
79-4 QS frdiS one Pfl^ homozygous individual was determined 
on fc£th grands ,- and found to be identical to the 3 
previously reported sequences for GPIIIa, except at base 

h t 196 (sequence numbering according to reference #6), which 
had a ddoxycytosine (C) in place of a deoxythymidine (T) . 
Bequt0ti$& analysis of 2 different sub-clones of the 366 bp 
^l^-d^rlved cDNA product showed the skme base substitu- 
tion r m^ this nucleotide difference 
was to artifact generated in vitro during either the 
r6ye2^^^xarrscriptase or Taq polymerase reactions. This 
singl^KlJase change (shown in Figure 2) results in sub- 
stitution of a Proline for Leucine at amino acid residue 

'33 bf^e maturet GPIIIa molecule, and is likely to impart 
sign&icant s^ppndary structural differences in the 

v polypeptide qhS^ln. 

Example 3 Restriction Enzyme Analysis of GPIIIa 
Ailotype§ r ^ 

Analysis of the. GPIIIa sequence from bases 56-408 
revealed that substitution of a C for a T at base 196 
wpuld create a recognition site for the restriction 
enzyme Neil , which cleaves at 5 f -CCGGG-3' but not 5 1 - 
CTGGG-3 1 sequences* To determine whether the thymidine 
(T}<^->cy|osj^e ;(C) substitution found in the PI* 2 
individual studied above was related to P1 A allotype, or 
merely represented an unrelated polymorphism of GPIIIa, 
platelet KNA was .prepared from a total of 18 individuals 
Of Jtrfbwn P1 A phenotype, and then amplified using PcR to 
yield the same 366 bp product. As illustrated in Figure 
1, Neil Should not be able to cleave .the 366 bp cDNA from 
a PI** homozygous individual, whereas 2 fragments of 147 
and 219 ibjp would be generated in a P1 A2 homozygote. 

•;^; v ^-Mo^. PcR reaction products were directly exchanged 
into • sterile water using Centricon 30 microco- 
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ncentrators, and then digested with Neil (purchased from 
either New England Biolabs, Beverly, MA, or Bethesda 
Research Laboratories, Gaithersburg, HO) . Restriction 
digests were analyzed on 1.5% agarose gels. Computer 
analyses of protein and polynucleotide sequences were 
performed using the program PC/GENE (Intelligenetics 
Inc. , Mountain View, CA) operating on an IBM PC/AT- 
compatible personal computer. Figure 3 shows that 

the 366-bp cDNA amplified from P1 A1 homozygous individuals 
was not cleaved by Neil, whereas the predicted 219- and 
147-bp restriction fragments were obtained from pi a2/az - 
derived cDNA. Serological ly-determined heterozygotes for 
the P1 A phenotype, containing both the P1 A1 and P1 A2 cDNA 
sequences, yielded both uncut, 366-bp cDNA and the 219- 
and 147-bp restriction fragments. 

The DNA-typing procedure of the present invention, 
as described above, predicted the phenotype of ten pi A1/A1 f 
three pi a1 ' az , an d five P1 A1/A2 individuals (p = 3.8 x 10" 6 ) . 
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What Js Clafoefl Ip: 

1. An oligonucleotide probe molecule that 
hybridizes to a portion of the GPIIIA gene, said portion 
including nucleotide 196 of GPIIIA cDNA, wherein said 
molecule hybridizes to said portion when said nucleotide 
196 is cytosine. 

2. An oligonucleotide probe molecule according to 
Claim '31, wherein said molecule is about twenty bases in 
length, v' 

3» An oligonucleotide probe molecule that 
hybridizes to a portion of the GPIIIA gene, said portion 
including nucleotide 196 of said gene, wherein said 
molecule hybridizes to said portion when said nucleotide 
196 is thymidine. 

• m 

4. An oligonucleotide probe molecule according to 
Claim 33, wherein said molecule is about twenty bases in 
length. 

5. A kit for typing platelet P1 A alloantigens, 
comprising 

(a) a receptacle containing a solution of a 
labeled oligonucleotide probe that distinguishes an 
allele of a platelet PI* from other alleles, 

(b) a receptacle containing a solution of an 
antibody that discriminate^ binds a P1 A1 allele of GPIIIA 
or a PI* 2 allele, said antibody (i) recognizing a 
polypeptide molecule encoded by a nucleotide sequence 
encoding at least amino acid 33 of GPIIIA and (ii) 
binding either said P1 A1 allele or said PI* 2 allele of 
GPIIIA, or 
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(c) a receptacle containing a solution of an 
endonuclease recognizing a cleavage site that 
distinguishes a nucleotide sequence of an allele of a 
platelet P1 A alloantigen from other alleles, and 

(d) means for amplifying DNA that comprises at 
least a portion of a GPIIIA gene or GPIIIA cDNA, wherein 
said portion includes a nucleotide corresponding to 
nucleotide 196 of said GPIIIA cDNA. 

6. A method of typing human platelet or red blood 
cell membrane glycoproteins, comprising the steps of 

(a) synthesizing cDNA from human platelet or 
red blood cell mRNA of a first individual; 

(b) amplifying said cDNA to produce amplified 
cDNA; and then 

(c) analyzing said amplified cDNA to determine 
a platelet or red blood cell phenotype. 

7. A method as claimed in Claim 36, further 
comprising the step of synthesizing cDNA from human 
platelet mRNA of a second individual, and then repeating 
steps (b) and (c) on the cDNA of said second individual; 
and thereafter discrimination between said first and 
second individuals based on said alloantigen phenotype. 

8. A method as claimed in Claim 36, wherein step 
(c) comprises the steps of (i) digesting said amplified 
cDNA with a restriction endonuclease recognizing a 
cleavage site that distinguishes a nucleotide sequence of 
an allele, of a platelet or red blood cell alloantigen, 
from other alleles; and (ii) analyzing said cDNA 
fragments to determine a platelet or red blood cell 
phenotype. 
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A method as claimed in Claim 38, wherein (i) 
said cDNA comprises a sequence that encodes at least 
nucleotide 196 of GPIIIA mRNA and (ii) said restriction 
endonuclease recognizes a restriction site, which 
comprises or is adjacent to a nucleotide sequence that 
includes nucleotide 196 of GPIIIA. 

■*!,♦."•■ ' 

10. A method as claimed in Claim 38, wherein step 
(c) comprises the steps of (i) hybridizing said cDNA 
fragjoents mth a labeled allele-specif ic oligonucleotide 
prob^e that: distinguishes a nucleotide sequence of a P1 A 
*all|0^ f^bm another P1 A allele; and then (ii) analyzing 
said pfolbe that has hybridized to said cDNA fragments to 
de-ermine said P1 A alloantigen phenotype. 

11 • A method as claimed in Claim 40 , wherein said 
PI* allele is a P1 A2 allele, 

>•••, : ~% : 

A method as claimed in Claim 38, wherein step 
(c^ i^pmprises the steps of 

: v (l) hybridizing said amplified cDNA with 

a /pair of oligonucleotide probes to produce a construct, 
wherein a first, probe a said pair is labeled with a first 
prob^jof said pair is labeled with a first label and a 
second probe of said pair is labeled with a second label, 
such -that the first label is distinguishable from the 
second label, and the probes hybridize adjacent to each 
other, at a nucleotide that distinguishes a first P1 A 
allele from another P1 A allele; thereafter 

(ii) reacting said construct with a ligase 
in a reaction medium; and then 

v.f- (iii) analyzing said reaction medium to 

detect the presence of a ligation product comprising said 
firs£ probe and said second probe. 
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13. A method as claimed in Claim 42, wherein said 
P1 A allele is a P1 A2 allele. 

14. A method of typing platelet P1 A membrane 
glycoproteins comprising the steps of (a) obtaining 
genomic DNA from a first individual and (b) analyzing 
said genomic DNA to determine a platelet P1 A alloantigen 
phenotype. 

15. A method as claimed in Claim 42, further 
comprising the step of obtaining genomic DNA from a 
second individual, and then repeating step (b) on the 
genomic DNA of said second individual; and thereafter 
discriminating between said first and second individuals 
based on said P1 A alloantigen phenotype. 

16. A method as claimed in Claim 44, wherein step 
(b) comprises the steps of (i) digesting said genomic DNA 
with a restriction endonuclease to produce DNA fragments, 
said endonuclease recognizing a cleavage site that 
distinguishes a nucleotide sequence of a first P1 A allele 
from that of another P1 A allele; and then (ii) analyzing 
said DNA fragments. with a labeled probe to determine said 
P1 A alloantigen phenotype. 

17. A method as claimed in Claim 46 , wherein 
said first P1 A allele is a P1 A2 allele. 

18. A method as claimed in Claim 44, wherein step 
(b) comprises the steps of (i) digesting said genomic DNA 
with a restriction endonuclease to produce DNA fragments; 
thereafter (ii) hybridizing said DNA fragments with a 
labeled allele-specific oligonucleotide probe that 
distinguishes a nucleotide sequence of an allele of a 
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platelet P1 A alloantigen from other alleles ; and then 
(iii) analyzing said probe that has hybridized to said 
DNA fragments to determine said PI* alloantigen phenotype. 

19. A method as claimed in Claim 48, wherein 
said PI* allele is a PI* 2 allele. 

f ; 20. A method as claimed in Claim 44, wherein step 

(b) comprises the steps of (i) hybridizing said genomic 
DNA with a pair of oligonucleotide probes to produce a 
construct, wherein a first probe of said pair is labeled 
with ja first label and a second probe of said pair is 
labeled .with a second label, such that the first label is 
distinguishable from the second label, and the pair of 
probes hybridize adjacently to each other at a nucleotide 

■ of said genomic DNA that distinguishes a P1 A allele from 
pother P1 A allele; thereafter (ii) reacting said 
construct with a ligase in a reaction medium? and then 
( iii ) !: . analyzing said reaction medium to detect the 
presence of a ligation product comprising said first 

probe and said second probe. 

>•■« . . 

21. A method as claimed in Claim 50, wherein said 
V Pi A -allele is a PI* 2 allele. 

22- A method of typing platelets with respect to 
GPII-E&, comprising the steps of (a) obtaining genomic DNA 
from an first individual, (b) amplifying said genomic DNA 
to prpduce amplified genomic DNA and (c) analyzing said 
amplified genomic DNA to determine a platelet P1 A 

■ alloantigen phenotype. 

23. A method as claimed in Claim 52, further 
/comprising the step of obtaining genomic DNA from a 
^ second individual, and then repeating steps (b) and (c) 



WO 90/12593 



PCT/US90/02104 



-li- 



on 



the genomic DNA of said second individual; and 
thereafter discriminating between said first and second 
individuals based on said alloantigen phenotype. 

24. a method as claimed in Claim 52, wherein step 
(c) comprises the steps of (i) digesting said amplified 
genomic DNA with a restriction endonuclease to produce 
DNA fragments, said endonuclease recognizing a cleavage 
site that distinguishes a nucleotide sequence of a first 
P1 A allele from that of another P1 A allele; and thereafter 
(ii) analyzing said DNA fragments to determine said 
alloantigen phenotype. 

25. A method as claimed in Claim 52, wherein step 
(c) comprises the steps of (i) hybridizing said amplified 
genomic DNA with a labeled allele-specific 
oligonucleotide probe that distinguishes a nucleotide 
sequence of a P1 A allele from that of another P1 A allele; 
and then (ii) analyzing said probe that has hybridized to 
said amplified genomic DNA to determine said alloantigen 
phenotype. 

26. A method as claimed in Claim 55, wherein said 
P1 A allele is a P1 A2 allele. 

27. A method as claimed in Claim 52, wherein step 
(c) comprises the steps of (i) hybridizing said amplified 
genomic DNA with a pair of oligonucleotide probes to form 
a construct, wherein a first probe of said pair is 
labeled with a first label and a second probe of said 
pair is labeled with a second label, such that the first 
label is distinguishable from the second label, and the 
probes hybridize adjacently to each other at a nucleotide 
that distinguishes a P1 A allele from another P1 A allele; 
thereafter (ii) reacting said construct with a ligase in 



WO 90/12593 



- 28 - 



PCT/US90/02104 



a reaction medium; and then (iii) analyzing said reaction 
^meditna to detect the presence of a ligation product 
... comprising said fir^t probe and said second probe, 

.28. A method • as claimed in Claim 57, wherein said 
X 1 PI* allele is a PI* 2 allele. 

• 29. ^ polypeptide molecule comprising an amino- 
.1 acid Sequence 'that corresponds to a fragment of GPIIIA, 

; r wherein .said fragment comprises amino acid 33 of GPIIIA 
— and wfiereiii said molecule is not GPIIIA. 

y30. A polypeptide molecule according to Claim 59, 

* whe^e^ii . said molecule is immunogenic. 

: /31* t An antibody that distinguishes between P1 A1 and 

^ PI* 2 tp^G ^ GPIIIA. : 

':_f. 32* A method for producing an antibody that binds 

a P1 A form, of GP|$IA preferentially to another P1 A form of 
GPIIIA, comprising the steps of (a) immunizing a mammal 
with an . antigenic molecule comprising a polypeptide as 
, frla^ftfid ifc-^laim 59, then (b) removing lymphocytes from 
s^id . . mainmal , (c) fusing said lymphocytes mammalian 
myelftaa cells to form hybridoma cells, (d) culturing said 
hybrwloma cells;; and thereafter (e) selecting, isolating 
„■ and.^clQning ^ hybridoma cells secreting monoclonal 
. anj-£bj{pdies that distinguish between the PI* 1 and PI* 2 forms 

v . '.. C$3*. . % method of treating post-transfusion purpura 
;¥; orj|itai aUoimmitfie thrombocytopenia, comprising the 
: ; ; . step ^c»f administering to a first individual a formulation 
compulsed, of a polypeptide in a pharmacologically 
/; effective. concentration and a physiologically-compatible 
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carrier therefor, wherein said first individual (i) 
suffers from post-transfusion purpura or is the mother of 
a fetus at risk for developing neonatal alloimmune 
thrombocytopenia and (ii) has anti-Pl A1 or anti-Pl A2 an- 
tibodies, said polypeptide binding an antibody selected 
from the group consisting of an anti-Pl A1 antibody and an 
anti-Pi* 2 antibody. 

34. An isolated DNA molecule comprising an 
nucleotide sequence corresponding to a portion of the 
GPIIIA gene, wherein said portion includes nucleotide 196 
and wherein said molecule is not coincident with the 
GPIIIA gene. 

35. An isolated DNA molecule according to Claim 64, 
wherein nucleotide 196 is cytosine. 



36. An isolated DNA molecule according to Claim 64, 
wherein nucleotide 196 is thymidine. 
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